INTRODUCTION
Insecticide treated nets are an effective and cost effective means of preventing malaria, which kills approximately 800 000 children under 5 years of age in Africa each year. 1 The African Summit on Roll Back Malaria -held in Abuja, Nigeria in 2000-specified that 60% of at risk groups should use insecticide treated nets by 2005, a target that was subsequently raised to 80% by 2010. 2 Although use of insecticide treated nets remains well below the target level of 80%, recent analysis has shown significant progress in increasing insecticide treated net use by children under 5 years living in stable malaria endemic settings. 3 Another recent analysis concluded that expanded coverage of insecticide treated nets as part of a multifaceted malaria control strategy was likely to be among the factors contributing to the 35% decline in mortality among Tanzanian children under 5 years of age between 2000 and 2004. 4 Strategies for delivering insecticide treated nets have been controversial, with debates over whether nets should be provided through routine health services or through stand alone campaigns, whether they should be distributed through public or private channels, and whether they should be free, partially subsidised, or sold at commercial prices. [5] [6] [7] [8] Concerns have been expressed about whether campaign based distribution strategies (so called "catch up" schemes) that aim to accelerate coverage) will ensure "temporal equity"-that is, maintain coverage between campaigns-and sustain coverage over time. 9 10 On the other hand, routine distribution strategies that use either the health system or commercial distribution networks might be better placed than campaign strategies to sustain ("keep up") coverage over time. When used alone, however, routine distribution approaches might be associated with a slower increase in coverage and more socioeconomically inequitable distribution. A recent analysis by Noor and colleagues suggested that between 2000 and 2007, coverage of insecticide treated nets increased more in settings with free distribution than in settings that used full cost recovery or highly subsidised distribution through routine delivery channels. 3 Rapid increases in ownership of insecticide treated nets have been achieved through catch up campaigns in settings where ownership was previously extremely low, such as Niger and Togo, 11 12 and Kenya achieved high and equitable levels of coverage by the combination of routine distribution and a mass campaign. 13 Nevertheless, there has been little evaluation of systems that deliver nets through routine channels.
The United Republic of Tanzania has been a pioneer in developing delivery systems for insecticide treated nets. In the 1990s, a number of small scale projects demonstrated the feasibility of distributing nets through community based channels and through maternal and child health services. 14 15 More recently, a strategy that uses social marketing combined with a voucher scheme targeting mothers of young children has been shown to be both effective and cost effective [16] [17] [18] In addition, early reports on this approach indicate that the health effects of insecticide treated nets shown in clinical trials can also be achieved under "real life" conditions. The challenge of ensuring regular treatment of nets with insecticide contributed to the development in Tanzania of the first "dip it yourself" insecticide product. 19 Tanzania is unusual in having a successful net manufacturing sector, with four firms producing 2 668 152 polyester nets bundled with longer lasting insecticide re-treatment kits and 298 996 polyethylene Olyset nets (Sumitomo Chemical Co Ltd, Tokyo) for the domestic Tanzanian market in 2007 (J Miller, personal communication, 2008). The retail distribution network comprises approximately 20 000 urban and rural net retailers. In addition, use of antenatal services in Tanzania is high, with 94% of women receiving antenatal care from a health care professional at least once during pregnancy. 20 Together, these circumstances influenced the development of the National Insecticide Treated Net Strategy, which provides subsidised nets targeted at vulnerable groups alongside support to the commercial distribution system. 21 Stakeholders involved in the strategy are shown in table 1. From 2002 until 2007, the strategic social marketing for expanding the commercial market for ITNs [insecticide treated nets] in Tanzania (SMARTNET) project contributed to the development of the commercial market through nationwide generic promotion of insecticide treated nets and insecticide re-treatment. The project also worked with the four net manufacturers to promote and distribute their products and provided subsidised insecticide to them for bundling with untreated polyester nets.
The Tanzania National Voucher Scheme is a targeted subsidy programme that aims to create a stable and predictable demand for insecticide treated nets in even the most remote locations and, in turn, relies on the commercial sector to distribute insecticide treated nets throughout the country. The initial objective of the programme was to achieve 60% coverage of children under 5 years and pregnant women with insecticide treated nets by 2007. Under the voucher scheme, every pregnant woman who attends antenatal care is eligible to receive a voucher, called "Hati Punguzo" ("discount voucher" in Swahili), that can be used as part payment for an insecticide treated net (a conventional net bundled with a package of insecticide) from any authorised shop. The vouchers carry a fixed value; this was set at 2750 Tanzanian shillings (TSh; £1. 37 22 The cost and cost effectiveness of the voucher scheme are presented elsewhere. 23 In addition to the national level activities of the voucher scheme and SMARTNET, a free net distribution scheme targeted at children under 5 years and linked with the measles vaccination campaign took place in the Lindi and Mtwara regions in August and December 2005, respectively, with funding from UNICEF. 24 Two of the districts sampled in our surveys were located in these regions. Free nets were also distributed at the same time in Rufiji district, with support from the American Red Cross. In addition, there have always been small scale distributions of free nets by non-governmental organisations and various research projects.
The objectives of this study are to assess the changes in the level and socioeconomic distribution of insecticide treated net coverage over the period [2005] [2006] [2007] , during which the voucher scheme was initiated and taken to national scale, and to examine the link between programme duration and change in household net ownership as a measure of programme impact.
METHODS
The study uses a plausibility design based on three nationally representative cross sectional household and health facility surveys, timed to take place early, mid-way, and at the end of the roll out of the national voucher programme. 25 We compared absolute levels and changes in net coverage in areas with and without the programme over three successive years (2005, 2006, and 2007) as the programme gradually reached the whole country. A comprehensive monitoring and evaluation plan for the voucher scheme was developed alongside the intervention by a joint team from the Ifakara Health Institute and the London School of Hygiene and Tropical Medicine. 26 Household ownership of insecticide treated nets and their use by target groups were the outcomes of interest.
The programme was rolled out gradually across Tanzania between October 2004 and May 2006, starting in districts near to Dar es Salaam and ending with some of the most remote districts in the west of the country. This phased roll out was necessary because of the size of the country and allowed us to compare areas with and without the voucher scheme at three points in time. Mainland Tanzania covers 881 000 km 2 and the estimated population in 2007 was 39.5 million. 27 The roll out was determined by programme managers on pragmatic grounds, and it was not feasible or acceptable to randomise districts by roll out phase.
Firstly, we examined aggregate changes in net coverage over time. Secondly, we assessed within district changes in net ownership, rather than changes in absolute levels. These within district changes were compared with the length of time that the programme had been operating in each district to examine whether duration of programme was associated with a larger increase in net coverage. Multivariate analysis was used to control for the presence of other net distribution systems such as the free net distribution campaign that had taken place in three of our study districts. We also controlled for other potential confounders such as the starting level of net ownership and the level of mosquito nuisance in the district. Thirdly, as suggested by Webster et al (Plausibility study designs for evaluation of delivery systems at scale, unpublished paper), we used reported source of net to attribute nets to the voucher system and to assess the degree of penetration of voucher nets over time.
We also collected information about intermediate steps in the programme pathway to provide supporting evidence for the argument that the intervention was being implemented at a reasonable level. A number of steps were necessary in order for the voucher scheme processes to translate into effective coverage: vouchers needed to be in stock; women needed to attend antenatal services; women had to receive and redeem their voucher; and women needed to sleep under the voucher net (fig 1) . We used evidence from our surveys about intermediate steps in the programme pathway to inform judgments about programme effect. This paper reports the findings from the household and facility surveys conducted in 2005, 2006, and 2007. These surveys were designed to produce nationally representative estimates of key indicators of net coverage. Sample size was set to estimate the use of insecticide treated nets among children under 5 years and infants aged 0-11 months (under 1 year) in each district with reasonable precision (plus or minus 10% for children under 5 years and plus or minus 20% for those under 1 year) and at national level with correspondingly greater precision (plus or minus 2% for children under 5 years and plus or minus 5% for those under 1 year), assuming a coverage level of 50% and a design effect of two. The surveys were conducted in 21 randomly selected districts (fig 2) , stratified by planned date of launch of the scheme. Firstly, districts were sorted into three groups on the basis of launch dates. Secondly, the same sampling fraction (21/113) was applied to each of the three groups to calculate the number of districts to be randomly selected from each. In each district, 10 clusters of 30 households were selected (n=6300 households in total). A cluster was sampled in two stages: firstly, 10 wards within each district were selected, with probability of selection proportional to ward population. Secondly, within each chosen ward, one village ("kitongoji") was selected using simple random sampling. This constituted the primary sampling unit. Within each selected kitongoji, 30 households were chosen using a sampling procedure similar to that used in the Expanded Programme on Immunization, which ensured an equal chance of selection for each household. In subsequent rounds, a kitongoji was selected randomly from within the same wards.
The surveys took place at the same time each year (July-August), immediately after the rainy season. An interviewer administered questionnaire was used to collect information from the household head (number of residents, household characteristics, net ownership and use by all household members), all women aged 15-49 (health service use for current and recent pregnancies, net use in pregnancy), and carers of all children aged under 5 years (net use). A facility survey was conducted at the reproductive and child health centre serving each cluster to collect information about service availability and use.
Analysis was undertaken using Stata v9.0 software (StataCorp LP, College Station, TX); the "svy" commands were used to adjust standard errors for clustering. National level estimates were weighted according to district population in the 2002 Tanzania Population and Housing Census. Weighting made little difference to the final results, however, so unweighted figures are reported here. An index of socioeconomic status was constructed using a principal components analysis on data about housing conditions and household ownership of a selection of assets. 28 A separate index was constructed for each survey. Households were divided into five equal sized groups (quintiles) according to their score from the principal components analysis. Clusters were classified as rural, semi-urban, or urban by using the same classification employed in the national 2002 census. The coverage analysis distinguishes between "any net" and "insecticide treated net". In 2005 and 2006, an insecticide treated net was defined as one that had been treated with insecticide within 12 months of the date of the survey. In 2007, a longer lasting insecticide product, K-O Tab 1-2-3 (deltamethrin plus a binder conferring wash resistance; Bayer Environmental Science, Isando, South Africa) was introduced in Tanzania, and there were small numbers of long lasting insecticidal nets in the market and being distributed by small scale projects. For 2007, therefore, the definition of an insecticide treated net included: (1) a conventional net treated with conventional insecticide within the previous 12 months; (2) a conventional net that had ever been treated with longer lasting insecticide; or (3) a long lasting insecticidal net. The treatment status of nets was reported by household heads (for the household ownership indicators), net users (for currently pregnant woman), and mothers or caretakers (for children under 5 years).
In this report we focus on changes in household ownership of nets and use of nets by pregnant women and infants aged 0-11 months (that is, under 1 year of age), although indicators for children under 5 years are also reported. We assessed use of insecticide treated nets by infants under 1 year, rather than by all under 5 years, to trace the impact of the voucher system because this group would be expected to benefit most from a delivery system targeting pregnant women. Also, only a share of children under 5 years old had been exposed to the programme by the end of 3 years. In addition, infants under 1 year of age are at the highest risk of mortality from malaria in high transmission settings. 29 30 Net use was as reported by the relevant respondent (pregnant women reporting for themselves, and carers reporting for their children), and interviewers asked to see all nets that were reported by the household head.
Multivariate regression was used to explore the impact of the voucher scheme on household ownership of insecticide treated nets. The length of time the programme was implemented in each district was measured as the number of days between the launch date and the date of the 2007 survey. This variable was regressed on the change in household ownership of insecticide treated nets at district level between 2005 and 2007. Differences were compared using methods based on the Student's t test, as appropriate for clustered data with a small number of clusters. 31 32 We controlled for any factors that were constant over time by using the within district change in coverage as the dependent variable. We included covariates to control for three potential confounders that, a priori, were expected to influence the effectiveness of the voucher scheme. These were: (1) the level of net ownership in the district in 2005, which was a proxy for socioeconomic status and allowed a test of whether districts with high starting levels of coverage would see lower programme achievements; (2) whether a district was classified by the National Malaria Control Programme as "epidemic prone," which we would expect to be associated with low mosquito nuisance and, therefore, a lower demand for nets 33 34 ; and (3) whether the district had been the beneficiary of a free net campaign in 2005. Final model specifications were tested for heteroskedasticity and residual plots were examined.
RESULTS

National level changes in net coverage
Around 6200 households were successfully interviewed in each of the three surveys ( Steady increases in national coverage of any net and insecticide treated nets were observed over the study period, measured both as household ownership of at least one net and use of a net the night before the survey ( District by district changes in net coverage Table 4 shows the district level estimates of household ownership of insecticide treated nets in each year. Treated net ownership levels varied widely at the beginning of the programme, ranging from 3% in Mbulu (8/289) and Sumbawanga (9/298) to over 50% in Tanga The change in ownership in epidemic prone districts was 11.2 percentage points smaller than in districts that were not classed as epidemic prone (95% CI −20.3 to −2.2; P=0.02). Longer exposure to the scheme was associated with larger increases in ownership (P=0.09), although this finding is only statistically significant at the 10% level. Each extra year of exposure to the programme was associated with an additional 9 percentage point increase in insecticide treated net ownership (95% CI −1.6 to 20). 
Inequality in use of insecticide treated nets
The degree of socioeconomic inequality in the use of a treated net by children under 1 year of age is shown in fig 3. Although use of treated nets seems to have increased in all socioeconomic quintiles, large differences remain between the poorest (Q1) and least poor (Q5) quintiles. The equity ratio for treated net use improved from 0.11 in 2005 to 0.29 in 2007; however, infants in the least poor quintile were still more than three times more likely to use a treated net as those in the poorest group.
DISCUSSION
The Tanzania National Voucher Scheme has successfully delivered subsidised insecticide treated nets to vulnerable groups through routine health services and considerably increased the number of mothers and infants using an insecticide treated net, demonstrating that a voucher system is a feasible option for contributing to "keep up" of net coverage. Coverage of nets and treated nets in Tanzania increased over the period 2005 to 2007: household ownership increased by 21 percentage points for any net and doubled from 18% to 36% for insecticide treated nets. This is despite the fact that only about 20% of households would be expected to have a live birth in any one year and, therefore, be eligible for the scheme. Net and treated net use among infants under 1 year and children under 5 years also increased substantially. Although coverage increased in all socioeconomic groups, clear disparities persist in the socioeconomic distribution of both household ownership of nets and net use by target groups. In 2007, infants under 1 year in the least poor quintile were more than three times more likely to have slept under an insecticide treated net the night before the survey than those in the poorest group. A number of findings support the conclusion that at least part of the gradual increase in net coverage can be attributed to the voucher scheme. Firstly, the largest improvement in net use was among infants under 1 year of age, who would be expected to benefit most from a voucher scheme targeted at pregnant women. Secondly, districts with longer exposure to the programme tended to have larger increases in household ownership of nets, with a 9 percentage point increase for every year of programme operation. Thirdly, the share of voucher nets in households with target group members (currently pregnant women and infants under 1 year, and indirectly, children under 5 years) increased steadily over the period 2005 to 2007, whereas in households without a target group member the share of nets reported to have been acquired using a voucher remained low. In addition, there is evidence that the intervention was implemented fairly well in health facilities throughout the country and reached the majority of pregnant women (data not shown). Findings from the household and facility surveys about the intermediate processes involved in programme delivery (described in fig 1) indicate that more than 95% of women attended antenatal care at least once, the proportion of facilities with vouchers in stock was high (around 80% in 2007), the majority of pregnant women attending antenatal care received a voucher (60% in 2007), and voucher redemption was high throughout the entire period. A 3-4 month interruption in programme funding between May and August 2007 led to interruptions in contracts with implementing agencies and might have been responsible for some variation in programme activity in 2007.
Finally, we have found no evidence to support alternative explanations for this increase in coverage: there was no dramatic improvement in incomes during the study period; the SMARTNET project operated in all districts and, therefore, could not explain the within district differences in coverage improvement; and although nets were delivered through other systems at various points during the study period, the voucher scheme was the only subsidy system operating nationwide and functioning throughout the entire study timeframe.
Strengths and limitations of the study We used two different approaches to analyse the changes in coverage over time and to assess whether the changes could be attributed to the voucher scheme. Firstly, we measured at the national level changes in coverage between 2005 and 2007 among different target groups. Statistical tests on these thousands of individual data points provide strong evidence of improved insecticide treated net coverage over time. Moreover, the largest coverage changes occurred among infants, who would be expected to benefit most from the pregnancy voucher scheme. Secondly, we examined the 21 district by district changes in coverage and used regression analysis to relate these changes to programme duration and potential confounders at district level. This approach is much more conservative than the individual level analysis because it reduces the sample size to only 21 data points, one for each district, but has the advantage of focusing on the direct effects of the voucher scheme. The true role of chance in our analysis of the effect of the voucher scheme probably lies between these two extremes.
The analysis of programme impact has a number of limitations. Firstly, the Tanzania National Voucher Scheme is not the only system delivering nets in Tanzania; a number of other delivery mechanisms will have contributed to the increases in coverage observed and it is not possible with this study design to isolate the contributions of each programme. Although the multivariate analysis takes into account the effects of other distribution systems, we cannot rule out potential confounding by other factors that changed during the time the programme roll out occurred. Secondly, for some districts there is no true baseline measure of coverage: The effect of the late baseline measurement is to underestimate the effect of the voucher scheme. Despite these limitations, this evaluation approach does provide significant improvements over the strategies used to evaluate other national programmes, such as the ability to track changes in coverage over a period of a number of years to examine whether coverage increases have been sustained.
Comparison with other studies
The results reported here come from a strong national level monitoring and evaluation system, developed in collaboration with the National Malaria Control Programme. This strategy contrasts with other more geographically limited monitoring mechanisms, such as that in Kenya, which covered only four districts. 13 The 2005 estimates of insecticide treated net coverage from our survey are similar to those reported in the 2004/5 Tanzania Demographic and Health Survey, which estimated household ownership of any net to be 46% and of insecticide treated nets to be 22.6%. 20 A number of other studies have documented changes in the coverage of any net and treated nets, but few have monitored coverage over an extended time period. One exception is the study by Grabowsky et al, which looked at the combined impact over time of both campaign and routine delivery systems in Ghana. 35 
Conclusions and policy implications
Despite the significant increases in the coverage of insecticide treated nets recorded in this study, the levels achieved fall far short of the Roll Back Malaria target of 80% coverage of at risk groups by 2010. 2 A number of implications for the Tanzanian programme thus emerge.
Firstly, as observed elsewhere, [36] [37] [38] the consistent gap between use of any net and use of a treated net suggests an urgent need to improve insecticide treatment of nets. The treatment gap has persisted despite considerable investment by the SMARTNET project in communications activities promoting net treatment and retreatment as well as efforts to work with manufacturers to ensure bundling of all nets with insecticide treatment kits. The Tanzania National Voucher Scheme also delivered free re-treatment kits to infants at the time of measles vaccination, and maternal and child health clinic workers provided health education messages about appropriate use of insecticide treated nets. The difficulty in securing a national consensus on the use of the longer lasting insecticide treatment, which has only received interim (phase 2) approval from the World Health Organization Pesticide Evaluation Scheme, also contributed to the treatment gap. An immediate shift to nets treated with long lasting insecticide would clearly be the best way forward, and this process is actively underway. Meanwhile, a mass free campaign for re-treatment of all existing polyester nets that are more than one year old started in May 2009 and should be completed by early 2010.
Secondly, although the combination of SMART-NET and the Tanzania National Voucher Scheme has created a functioning system for net distribution, it is clear that a "catch up" campaign is urgently required to raise coverage levels in all socioeconomic groups. This issue has been recognised by the Ministry of Health and Social Welfare in its 2008-2012 proposal to the Global Fund Rolling Continuation Channel, which includes provision for mass distribution of free nets treated with long lasting insecticide to all children under 5 years. This process began in 2008 and will continue through to early 2010. Combined with the mass re-treatment campaign, coverage levels are expected to be over 80% among children under 5 years and 50-60% for the population as a whole by the end of the first quarter of 2010.
The planned catch up campaign should also help to address the third major challenge of the voucher scheme, which is the strong socioeconomic and geographic difference in coverage and use. The barriers to uptake of the voucher scheme among poorer women are likely to be multiple; for example, such women are probably less likely to use antenatal care, are more likely to access antenatal care through outreach services where voucher distribution is less consistent, will have greater difficulty amassing the cash necessary for the top up amount, and might be located further away from shops where vouchers are accepted. Free net distribution will be an important opportunity to increase coverage among the poorest quintile. Significant increases in net use have been observed in the second and third quintiles, however. These households are also poor by any measure, and it seems that the Tanzania National Voucher Scheme has contributed to increased use of insecticide treated nets in these groups.
Future research questions
The diversity of epidemiological settings in Tanzania, together with the suggestion that coverage levels have remained low in districts that are "epidemic prone," indicate that there could be merit in linking coverage targets to malaria transmission level, especially in settings where transmission is not homogeneously high. Rapid diagnostic tests were used to check for parasitaemia in the 2008 household survey and will also be used to explore the feasibility of using immunological markers of malaria transmission levels to examine the association between transmission and net use. 39 Another important issue will be the effect of the 2009 catch up campaign on the routine delivery system. There is a continued need to complement the voucher scheme monitoring and evaluation system with epidemiological evidence about the impact of increased net use on health outcomes. Finally, the financial and institutional sustainability of this approach to routine distribution of nets needs to be monitored and assessed.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Use of insecticide treated nets is low in many settings, despite their proved effectiveness and cost effectiveness at preventing malaria Some success has been achieved through "campaign" style distribution systems, but few systems have proved able to deliver nets via routine contact with health services on a national scale Vouchers are seen as a possible mechanism for delivering public health services, but the few existing programmes have operated on a small scale
WHAT THIS STUDY ADDS
Use of insecticide treated nets has increased substantially in all groups targeted by the Tanzanian National Voucher Scheme-one of the first to operate at a national scale in a low income setting-although coverage remains inequitable A voucher scheme is a feasible option for delivery of nets through routine systems RESEARCH
